The absorbance of and NO 2 (0.5-4 ppm) by a number of absorbers and filters was assessed via bench testing. All absorbers (Sodasorb, Purafil CP, Purafil Select, Sofnolime, Sofnofil and 50/50 
Nitric oxide (NO) inhalation therapy is common practice in intensive care and congenital cardiac surgery. We administer NO to approximately 140 patients per year, sometimes up to five patients simultaneously. NO is also administered during transport of patients within and between hospitals.
According to the occupational health and safety recommendations 1 on the safe exposure to NO and its more potent by-product nitrogen dioxide (NO 2 ), it is important to exclude NO and NO 2 from the work environment. Although this can easily be achieved by scavenging using the hospital suction system, it would be advantageous to have a system for the removal of NO and NO 2 that could be used during transport or in the absence of hospital suction. The aim of this study was to test the ability of absorbers and filters for this task. This was to be done by, firstly, bench testing of the absorbers to determine the best absorbers and secondly, testing in a ventilator.
MATERIALS AND METHODS
Six absorbers (Table 1 ) and four filters (Table 2) were evaluated. Initially, bench testing was conducted on the six absorbers. The absorbent material for each absorber was placed into custom built canisters constructed by removing the filter paper from standard bacterial filters (Bact Trap, Pharma Systems AB, Sweden). Standard ventilator circuit connections (part numbers 00259 and 01233, Bird Products Corporation, Palm Springs, CA, U.S.A.) with a section of wire mesh (hole size 2.5 to 3.0 mm) added to one end were used to enclose the absorbent media in the empty casing of the bacterial filter. Each canister was filled with one of Sodasorb, Purafil CP, Purafil Select, Sofnolime, Sofnofil or a mixture of 50% Sofnofil and 50% Sofnolime. The weight of absorbent material used and the resistance of the filled canisters at a flow of 10 l/min was determined with a calibration analyser (RT200, Timiter Instrument Corp, Penn, U.S.A.).
During bench testing, absorbency was tested using a flow of 10 l/min with mixtures of NO and NO 2 at concentrations of 80 and 1.4 ppm, 20 and 0.2 ppm and 5 and 0 ppm respectively. NO and NO 2 concentra-tions were measured at five minute intervals for 30 minutes using two electrochemical analysers (SensorNox, Sensormedics, Yorba Linda, CA, U.S.A.) immediately before and after the absorbers. The analysers were calibrated using calibration gas (Cal Gaz, NO 25 ppm, NO 2 10 ppm, balance N 2 , Air Liquide, MD, U.S.A.). Test gases were generated with mixtures of NO/NO 2 and 100% oxygen. The former was supplied (BOC Gases, Preston, Australia) as NO 814±33 ppm (total oxides of nitrogen 830±33 ppm, balance N 2 ) or as NO 102±2 ppm (total oxides of nitrogen 106±2 ppm, balance N 2 ). Percentage absorption for NO was defined as: ((pre NO-post NO)/(pre NO)) x 100%. Absorption for NO 2 was calculated in the same manner.
The best performing absorbers from the bench tests and all filters were tested once each in conjunction with the use of a ventilator. A Servo 900C ventilator (Siemens-Elema AB, Solna, Sweden) was set up as previously described 2 . Tests were conducted at NO and NO 2 levels of 80 and 4 ppm and 20 and 0.5 ppm respectively. A total flow of 10 l/min using 40 to 50% O 2 was supplied to the low pressure inlet of the ventilator. The ventilator was set in volume control mode with a minute volume of 7.5 l/min and respiratory rate of 20 bpm, achieving peak pressures of 15 to 22 cmH 2 O. PEEP was intentionally not applied. Each absorber or filter was placed in turn on the expiratory outlet of the ventilator. NO and NO 2 levels were measured immediately before and after each absorber or filter on the expiratory outlet as performed during the bench testing. Measurements of pre and post NO/NO 2 levels were recorded for a period of four hours or until the absorber or filter performance deteriorated. The peak inspiratory and PEEP pressures were recorded before and after the connection of the absorber/filter as well as during use.
RESULTS
The resistances of the absorbers were generally below 2.5 cmH 2 O/l/min with the exception of Sofnolime and the Sofnolime/Sofnofil 50/50 mix (Table 1) . Ventilator performance was altered variably by the addition of the absorbers and filters. A wide range of performances was produced with ventilator tests. Ventilator pressures changed by less than 2 cm H 2 O in conjunction with the HgCONO and the ILF200 filters. For the other absorbers/filters, peak pressures were increased by approximately 10 cm H 2 O. PEEP pressures were unchanged in one instance (ILF150), but increased by 1 cm H 2 O (ILF100), 2 cm H 2 O (50/50 mix) and 4 cm H 2 O (Sofnolime) in conjunction with the other absorbers/ filters.
With the exception of Sodasorb, all absorbers absorbed NO almost completely (Table 3) . Sodasorb absorbed a higher amount of NO at lower NO levels but at 90 ppm appeared to produce NO, with post filter NO levels of >99.9 ppm detected. The performance of most absorbers was steady over the 30- minute period. Sofnolime's absorption showed the greatest change during this period, decreasing when exposed to NO levels of 90, 80 and 5 ppm. However at 5 ppm NO, post absorber levels were 0.1 ppm.
The absorption of NO 2 varied considerably between absorbers and over time when exposed to 1.4ppm and 2.9 ppm NO 2 ( Table 4) . Only Sofnolime completely absorbed NO 2 . Purafil Select and Sofnofil both produced NO 2 . Sofnofil produced proportionally less NO 2 at pre absorber NO 2 of 2.9 ppm than at 1.4 ppm. The level of NO 2 produced appeared to be related to the pre NO level with Sofnofil producing approximately 1 ppm of NO 2 for every 6 ppm of NO present for NO levels of 5, 20, 80 and 90 ppm, even in the absence of NO 2 . Purafil Select also produced NO 2 but not as much as Sofnofil. Tables 5 and 6 show the absorbance and life of the absorbers/filters tested in conjunction with the ventilator. The HgCONO, Sofnolime and the Sofnolime/Sofnofil 50/50 mix were the only satisfactory absorbers of NO. All of the absorbers/filters with the exception of the ILF150 and the Sofnolime/ Sofnofil 50/50 mix, completely absorbed NO 2 .
DISCUSSION
While it is sometimes argued that scavenging of NO and NO 2 is not necessary because of the low levels of exhausted NO and the expected ventilation of the room 3 , our experience is that staff find it reassuring to know that these gases are being scavenged. There may also be situations, such as use in confined spaces or where normal ventilation is inadequate, where atmospheric levels of NO or NO 2 levels may exceed acceptable levels.
There are numerous reports on the ability of various materials to filter either NO, NO 2 or both from ventilator circuits. Absorbers such as sodalime and its variations [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , and charcoal 7,14,17,18 have been extensively studied. Other materials such as the molecular sieve 5A 6, 15, 19 and noXon 15 have also been investigated. These studies have tended to concentrate on anaesthetic applications, where the aim is to maintain NO levels but prevent toxic build up of NO 2 . Our interest however is in eliminating both NO and NO 2 from gas exhausted from a ventilator. Fewer studies have examined this application 7, 17, 18 . Previous work with sodalime has determined its ability to absorb NO 2 . When white-violet (W-V) or (P-W) pink-white indicators are used, sodalime is a good absorber of NO 2 5,9,11-15 but its absorption of NO is limited by the amount of NO 2 present 9, 11, 12, 15 . In order to absorb NO as well, sodalime must have another agent added to it. The results of various studies suggest that one suitable agent is potassium permanganate [4] [5] [6] 9 , which is found in green-brown (G-B) indicators. As a result, sodalime with a G-B indicator has been reported to remove both NO and NO 2 4-6,9 . Our results are in agreement. The Sodasorb tested in our study with a W-V indicator was a poor absorber of NO, however, Sofnolime, with sodalime and a G-B indicator, was a good absorber of both NO and NO 2 . The 79 g of Sofnolime we tested at a flow rate of 7.5 l/min had an absorbance for NO >90% for at least two hours at 20 ppm and one hour at 80 ppm. It completely absorbed NO 2 during these time periods.
Potassium permanganate is also included in Sofnofil, Purafil CP, Purafil Select and the -10  80  7  7  20  14  15  5  17  17  Purafil CP  90  99  99  80  99  98  20  100  100  5  99  99  Purafil Select  90  100  100  80  100  100  20  100  100  5  97  98  Sofnolime  90  98  91  80  98  94  20  100  100  5  98  95  Sofnofil  90  98  98  80  98  99  20  99  100  5  95  95  50-50  90  99  97  80  100  100  20  100  100  5  98  98 %Abs=percentage absorption (pre NO-post NO)/(pre NO) *100%; t=time (minutes), 50-50=50% Sofnolime and 50% Sofnofil. Negative absorption indicates production. Sofnolime/Sofnofil 50/50 mix. The Sofnofil, Purafil CP and the Purafil Select media all absorbed NO but failed to absorb NO 2 due to the absence of sodalime. In fact, Sofnofil and Purafil Select produced NO 2 . This is probably the result of an oxidative reaction with potassium permanganate, which can produce dangerous gases as a result, or the activated alumina in the absorber media [4] [5] [6] 9 (personal communication, Molecular Products, Essex, U.K.).
The Purafil CP mix also contains activated charcoal in addition to the potassium permanganate. Charcoal has a range of absorbances. A number of studies 7, 14 have reported low absorbances for both NO and NO 2 when charcoal is used alone. One study 17 using a Drager filter (filter 633) showed excellent absorbance for both NO and NO 2 . Another study 18 also showed excellent absorbance for both NO and NO 2 but the charcoal was combined with an equal amount of Permasorb. Permasorb is a substance that consists of aluminas potassium permanganate pellets similar to the Sofnofil and Purafil products tested in our study. Our results showed excellent NO absorption by Purafil CP but failure to absorb low levels of NO 2 . In the bench tests it barely absorbed 1.4ppm NO 2 but, inexplicably, absorbed between 53% and 66% of the 2.9 ppm NO 2 . Compared to Purafil Select, without charcoal, Purafil CP absorped NO 2 , but inadequately.
Other, more sophisticated filters have also been tested as NO and NO 2 scavengers. Materials such as molecular sieve 5A 6, 15 , noXon 15 and the HgCONO filter 7 have been shown to be excellent filters of NO and NO 2 . None of the three Stackhouse filters (ILF100, ILF150 and ILF200) which we tested showed adequate absorption. As in other studies, we found the HgCONO filter to be an excellent absorber of both NO and NO 2 . The study of Squire et al 7 showed absorbances >95% for both NO and NO 2 for a period of 170 hours. However, the limitations of this filter are its non-standard connections, which make it awkward to connect into a ventilator circuit, and the absence of any indicator of exhaustion.
We have previously shown that the SensorNox NO/NO 2 analyser is accurate when compared to a chemiluminescence analyzer 20 . However, errors may occur when calculating the absorbances. The 0.05 ppm limit in resolution of the SensorNox can significantly affect the calculated values for low concentrations. This is shown in the calculated absorbance of NO 2 for Purafil during the bench test when an absorbance value of -4% was calculated based on a pre level of 1.4 and a post level of 1.45 ppm. In these cases, it is probably advisable to allow for the limits of resolution and consider the calculated absorbance 0%. Another potential problem Absorber  NO=20 ppm  NO=80 ppm   t=30 t=60 t=90 t=120 t=180 t=240  t=30  t=60 t=90 t=120 t=180 t=240   HgCONO  100  100  100  100  100  100  100  100  100  100  100  100  Sofnolime  100  99  98  95  87  46  97  90  69  ---50/50  100  100  100  100  100  100  100  100  99  99  --ILF100  62  59  58  57  --79  78  75  72  67  62  LF150  *  -----*  -----ILF200  84  84  84  86  89  89  91  91  91  91  91  91 t=time (minutes), -data not collected due to deterioration of NO or NO2 absorption. *The ILF150 failed to filter NO immediately on exposure.
TABLE 6
Absorption of nitrogen dioxide in use with a Servo 900C ventilator Absorber NO2=0.5 ppm NO2=4 ppm t=30 t=60 t=90 t=120 t=180 t=240 t=30 t=60 t=90 t=120 t=180 t=240 HgCONO  100  100  100  100  100  100  100  100  100  100  100  100  Sofnolime  100  100  100  100  100  100  100  100  100  ---50/50  88  88  88  75  50  25  72  47  29  13  --ILF100  100  100  100  100  --100  100  100  100  100  100  LF150  *  -----*  -----ILF200  100  100  100  100  100  100  100  100  100  100  100  100 t=time (minutes), -data not collected due to deterioration of NO or NO2 absorption. *The ILF150 failed to filter NO immediately on exposure.
with our testing was the lack of a heated humidifier in the ventilator circuit. However, this is not significant given that our major application would be transport situations where a heated humidifier would not be used. We also tested quite small (between 50 and 90 g) amounts of media compared to other studies. This allowed us to use conveniently sized canisters with suitable connections. Additional canisters could easily be made up and interchanged to extend their usage. We recommend two absorbers/filters for use in conjunction with NO therapy. Both the HgCONO filter and Sofnolime would be suitable, with each having their own advantages. The HgCONO filter is clearly the best absorber over a period of many days but its connections require additional modifications and its lack of an indicator requires its usage to be recorded to ensure that it is refreshed appropriately. The Sofnolime on the other hand, is cheaper ($AUS51.35 including reusable canister and connectors versus $AUS84), has a colour indicator to help determine lifetime (purple to brown) and is an adequate absorber of both NO and NO 2 for one to three hours. If only absorption of NO 2 is required we recommend the use of the HgCONO, ILF100 or ILF200 filters or Sofnolime absorber.
